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Introduction
Almost all elderly people have disabilities or disorders
in more than one organ system when they present to
hospital. Therefore, taking good care of these patients
necessitates the cooperation of specialists from a variety
of medical and paramedical fields. The elderly popula-
tion is the most explicit target of so-called “total patient
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SUMMARY
Background: Liver resection surgery in patients with hepatocellular carcinoma is a high-risk procedure with an
in-hospital mortality rate around 5%. Patient age and volume of blood loss were found to be independent pre-
dictive factors of long-term outcomes in previous studies. We sought to clarify the age-related differences in the
perioperative complications during the whole admission for liver resection surgery.
Methods: This retrospective study included 210 patients scheduled for elective liver resection from July 2006 to
July 2008. The characteristics of the patients, intraoperative events, and postoperative complications were
retrieved from medical charts, anesthesia records stored in a computer database, and the quality assurance
system in our department. The patients were divided into two groups: Group A, aged 60 years or older (n = 91);
and Group B, aged younger than 60 years (n = 119). Postoperative complications and intraoperative parameters
were compared using the Student’s t test for continuous data, and χ2 test for categorical data. Correlations of
age with blood loss, operation time, urine output, length of intensive care unit stay, total admission time, and
intubation time were examined with the Pearson’s correlation. Analysis of variance was used to investigate the
endotracheal intubation time with different postoperative pain control methods.
Results: No differences in intraoperative blood loss, total operation time, urine output during surgery, in-hospital
death, difficulty of operation, and incidence of massive blood loss and oliguria were found between the two
groups. The length of intensive care unit stay and total admission time were significantly longer in the elderly
group (p = 0.04 and 0.01, respectively). There was a higher incidence of postoperative respiratory complications
in the elderly as revealed by a longer intubation time in Group A than in Group B (p = 0.03).
Conclusion: In contrast to some surgeries for emergency conditions such as long bone fracture or acute
abdomen, the perioperative complications in the elderly receiving elective liver resection surgery did not differ
markedly from those of younger patients. However, elderly patients would benefit even more if comprehensive
postoperative care or newly improved therapies can be provided to lessen the incidence of perioperative respiratory
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care” and “patient-centered care”, which are the main-
stream of current medicine1. In the perioperative period,
the concept of patient-centered care must be reempha-
sized, and good teamwork, which includes interns, sur-
geons, anesthetists, intensive care providers and other
specialists, can assure elderly patients of their safety in
and smooth recovery from major surgery.
There is a steady trend for the proportion of aging
people to become greater in modern society, provided
that the rapid progress of health care and improvement
of the living environment continue. Hepatocellular
carcinoma (HCC), one of the most common malignant
tumors worldwide with a higher incidence in the
elderly, is expected to become a real challenge for sur-
geons and anesthetists in performing surgical treatment,
which can cause severe complications in elderly
patients. Currently, there are many treatment options
for patients with HCC, such as percutaneous ethanol
injection therapy, microwave coagulation therapy, and
percutaneous radiofrequency ablation. All these less
invasive operations can be acceptable alternatives to
hepatic resection in the elderly, but the best treatment
for patients in this age group remains controversial2.
Many chronic diseases, such as diabetes mellitus,
hypertension, chronic obstructive pulmonary disease
and dementia, have a much higher prevalence in the
elderly than in younger people, and the age-related
complications resulting from these chronic diseases
are expected to be more serious and lethal than in
younger populations. In addition, aging itself can limit
and restrict the functional reserves of cardiovascular,
pulmonary, renal, endocrine and central nervous sys-
tems, which are all vital for a patient to tolerate and
recover from a severe invasive intervention such as
surgical resection in HCC.
Surgical resection of HCC is the only treatment
choice for some patients and is a major operation with
a considerable incidence of morbidity and mortality in
all patient groups, especially in patients with liver cir-
rhosis or limited liver function2. The resection procedure
is sometimes accompanied by massive blood loss in
patients with a bleeding tendency or adhesions of in-
ternal organs resulting from prior surgery. This can lead
to derangement of electrolytes and endocrine hor-
mones, resulting from a malfunction of the renal system
complicated by chronic liver disease, and fluctuations
of blood pressure that can decrease the amount of blood
perfusion to the liver. This results in poor prognosis for
the immediate or long-term outcome of the patient.
In the meantime, the anesthetist must overcome
the severely compromised lung function of an elderly
patient undergoing such an upper abdominal surgical
procedure to prevent pulmonary complications such
as pneumonia or atelectasis, to minimize the possibility
of the development of sepsis, which is considered a
major cause of morbidity and mortality. Moderate to
severe hypothermia, resulting from massive blood loss,
and long operative times do not allow the patients,
whose condition reduces the metabolism of anesthetic
drugs, to recover muscle power and coagulation. A
rapidly changing intravascular volume requires a fluid
management strategy to provide the patient with sta-
ble cardiovascular function.
In this retrospective study, we determined the short-
term incidence of morbidity and mortality of HCC
patients selected for liver resection. We compared the
differences in the complications in elderly and younger
patient populations, and investigated whether a more
effective pain control strategy could provide the patients
with faster weaning from endotracheal intubation.
Materials and Methods
The local ethics committee approved this study. Between
July 2006 and July 2008, 210 HCC patients were sent to
our operation rooms for liver resection surgery. We
included these patients in this retrospective study by
searching the medical information system designed and
maintained in our anesthesia department. Variables
related to the patients’ past medical history and intra-
operative complications were obtained from electronic
anesthesia records stored in a computer database. When
information from the anesthesia records was not de-
tailed, we searched the paper medical records as an
alternative resource. Variables related to postoperative
anesthesia-related complications of these patients were
collected from our quality assurance system, while vari-
ables related to other complications also came from
the paper medical records.
The factors related to perioperative complications
were: (1) massive blood loss, if the patients had more
than 1,000 mL of blood loss during the operation; (2)
prolonged intubation, if the patients could not be
weaned from intubation within 24 hours for any rea-
son; (3) oliguria, if the urine output during the whole
operation was less than 300 mL despite aggressive
diuretic treatments and fluid replacement; (4) prolonged
intensive care unit (ICU) stay, if patients stayed in the
ICU for more than 3 days for any reason; (5) prolonged
admission, if patients could not be discharged without
any complication and stayed in hospital for more than
17 days for any reason; and (6) prolonged surgery, if
the whole operation could not be carried out within 3
hours for any reason.
To find any difference in the incidence of perioper-
ative complications between elderly patients and 
younger patients, the 219 participants were divided
into two separate groups: Group A, which included
patients aged 60 years or older; and Group B, which
included patients younger than 60 years.
Statistical Analysis
All scaled data are expressed as mean ± standard devi-
ation. The blood loss, age, operation time, urine output,
length of ICU stay, total admission time, and intuba-
tion time were compared between Group A and Group
B using the unpaired Student’s t test (two-tailed) and
Levene’s test for equality of variances. The incidence
of massive blood loss, prolonged intubation, oliguria,
prolonged ICU stay, prolonged admission, and opera-
tion difficulty were compared using the nonparametric
χ2 test (two-tailed). Comparisons according to age were
determined for the following variables: blood loss, oper-
ation time, urine output, length of ICU stay, total admis-
sion time, and intubation time. Analysis of variance with
post hoc Tukey test was examined for endotracheal in-
tubation duration with pain control methods as factors.
All statistical analyses were performed using SPSS 
version 16.0.1 (SPSS Inc., Chicago, IL, USA) for Windows.
A p < 0.05 was considered statistically significant.
Results
For all 210 patients, the mean age was 58.3 ± 13.6 years
(range, 11–86 years). When divided into the two groups
with a cut-off of 60 years, the mean age of the older
group was about 20 years older (70.2 ± 5.9 years) than
the younger group (49.0 ± 10.2 years). The operation
time, blood loss, and urine output of the two groups
were almost identical, with no significant differences
(Table 1). However, the length of ICU stay, total admis-
sion time, and intubation time of the two groups
showed statistically significant differences (Table 1).
These outcomes implied that the elderly patients did
not have more intense surgical techniques than the
younger patients, but the elderly patients did need much
more intensive care postoperatively to recover from
the severe surgical trauma.
Our patients had an overall 4.76% incidence of in-
hospital death, with a higher incidence in the elderly
group (n = 7, 7.6%) than in the younger group (n = 3,
2.5%), although the difference was not statistically sig-
nificant (p = 0.08). The surgical operation of liver resec-
tion is a time-consuming procedure, and lasted for more
than 3 hours in 61.5% of elderly patients and in 66.6%
of younger patients. Massive blood loss is also a com-
mon complication in liver resection surgery, and 41.8%
of elderly patients and 33.6% of younger patients suf-
fered from this. The incidence of oliguria was less com-
mon than blood loss, but there were still 20.9% of
elderly patients and 26.1% of younger patients whose
renal function was compromised intraoperatively. The
incidences of postoperative complications were espe-
cially prominent in elderly patients. The incidence of
prolonged ICU stay, prolonged admission, and prolonged
intubation were 26.4%, 47.3% and 24.2%, respectively,
in the elderly, which were significantly more than in
younger patients, with 9.2%, 20.2% and 9.2%, respec-
tively (Table 2). Although the incidences of postoperative
complications were much higher in the elderly pa-
tients, aging alone could not account for this. The cor-
relations of age with blood loss, operation time, urine
output, length of ICU stay, and intubation time were
weak (Table 3); only the correlation of age with total
admission time was statistically significant (p = 0.01).
This information suggests that age is not an independent
risk factor for many postoperative complications, and
other confounders such as the underlying diseases of
the patients should be examined for these morbidities.
The pain control methods did not affect the endotra-
cheal intubation time (p=0.075), and the patients with
epidural analgesia were not weaned off the intubation
more quickly than other patients (Table 4). Another
study with a larger case number may remove the
uncertainty resulting from the statistical type II error.
Discussion
Mortality associated with anesthesia and surgery 
is defined as the death rate within 30 days of opera-
tion. Advances in anesthetic/surgical techniques and
perioperative care have substantially reduced surgery-
related mortality3. However, the overall mortality in 
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all cases remains at 1.2%, rising to 2.2% in patients
aged 60–69 years, 2.9% in those aged 70–79 years,
5.8–6.2% in patients aged 80–89 years, and 8.4% in
those aged older than 89 years4. Major surgery further
increases elderly mortality; for example, emergency ab-
dominal surgery results in a 9.7% mortality for patients
over 80 years of age, thoracotomy in a 17% mortality
for those over 70 years of age, and any major surgical
procedure in a 19.8% mortality for those over 90 years
of age5,6. In our hospital, the mean age of the patients
who were diagnosed with HCC and received liver resec-
tions in the past 2 years was 58.3 ± 13.6 years, several
years younger than those in Japan (63.9 years in men
and 67.3 years in women)7, a country with the same
high prevalence of HCC as Taiwan.
The major side effect accompanying liver resection
is blood loss. Although the volume of blood loss fluc-
tuated case by case, as revealed by a large ratio of stan-
dard deviation to mean value in the intraoperative
blood loss volume of elderly and younger patients
(1,226.9 ± 1,591.7 mL and 1,269.9 ± 1,867.4 mL, respec-
tively), there were still 41.8% of elderly patients and
33.6% of younger patients whose blood loss volume
exceeded 1,000 mL. The well-known complications of
massive blood volume transfusion consist of thrombo-
cytopenia, coagulation factor depletion, oxygen affinity
changes, hypocalcemia, hyperkalemia, acid–base dis-
turbance, hypothermia, and the rare, but possibly fatal,
complication of acute respiratory distress syndrome.
Table 1. Patients’ baseline demographic characteristics and conditions during the surgical operation and admission period*
Group A (≥ 60 yr; n = 91) Group B (< 60 yr; n = 119) p
Age (yr) 70.2 ± 5.9 49.0 ± 10.2 < 0.01†
Operation time (min) 220.2 ± 75.3 219.7 ± 93.8 0.962
Blood loss (mL) 1,226.9 ± 1,591.7 1,269.9 ± 1,867.4 0.861
Urine output (mL) 599.4 ± 388.5 683.4 ± 590.2 0.216
ICU stay (d) 4.3 ± 9.2 2.3 ± 5.1 0.048†
Total admission time (d) 20.5 ± 15.1 14.6 ± 9.7 0.01†
Intubation time (hr) 30.8 ± 109.2 7.73 ± 32.2 0.034†
*Data are presented as mean ± standard deviation; †statistically significant at p < 0.05 (two-tailed). ICU = intensive care unit.
Table 2. The incidence of perioperative complications in the elderly group (Group A) and the younger group (Group B)*
Group A (≥ 60 yr; n = 91) Group B (< 60 yr; n = 119) p
Death (in hospital)† 7 (7.7) 3 (2.5) 0.08
Difficult operation‡ 56 (61.5) 78 (65.5) 0.55
Massive blood loss§ 38 (41.8) 40 (33.6) 0.23
Oliguria|| 19 (20.9) 31 (26.1) 0.38
Prolonged ICU stay¶ 24 (26.4) 11 (9.2) 0.01**
Prolonged admission†† 43 (47.3) 24 (20.2) < 0.01**
Prolonged intubation‡‡ 22 (24.2) 11 (9.2) 0.03**
*Data are presented as n (%); †if the patient died in hospital after operation directly or indirectly as a result of surgery; ‡if the whole surgical
procedure lasted for more than 3 hours; §if blood loss was above 1,000 mL during the whole surgical procedure; ||if the patient’s intraoperative
urine output was under 300 mL; ¶if the patient stayed in the ICU for more than 3 days for any reason; **statistically significant at p < 0.05
(two-tailed); ††if the patient could not leave hospital in the operation course for more than 17 days; ‡‡if the patient could not be weaned off
endotracheal intubation in 24 hours. ICU = intensive care unit.
Table 3. Correlation of patients’ age with blood loss, oper-
ation time, urine output, intensive care unit (ICU)
stay, total admission time, and intubation time
Pearson’s correlation p
Blood loss −0.05 0.48
Operation time 0.006 0.93
Urine output −0.46 0.51
ICU stay 0.077 0.27
Total admission time 0.178 0.01*
Intubation time 0.081 0.25
*Statistically significant at p < 0.05 (two-tailed).
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Some of these complications, such as thrombocyto-
penia, coagulation factor depletion, hypocalcemia and
hypothermia, if not treated promptly and appropri-
ately in the elderly, can eventually lead to a vicious cycle
of bleeding. Because of the many physiologic changes
in aging, hypothermia after massive blood transfusion
is expected to occur more often in the elderly than in
the younger population. Hypothermia can, furthermore,
complicate the pharmacodynamics and pharmacoki-
netics of anesthetics, sedative drugs and other adjuncts
used perioperatively, and can certainly contribute to the
prolonged endotracheal intubation time in the elderly.
These findings in our study are compatible with the
research by Chok et al8 in that massive intraoperative
blood loss is related to a significantly higher complica-
tion rate and affects the long-term outcome in patients
having curative liver resection for HCC. The low central
venous pressure technique, which is achieved by fluid
restriction or infusion of vasodilatory drugs intraoper-
atively, is believed to be a useful technique for reducing
the volume of blood loss in liver resection and trans-
plantation surgeries9. In the elderly population, con-
sidering the limited cardiovascular reserve and the
possibility of degeneration of the autoregulatory func-
tion of most vital organs, extensive applications of this
technique in geriatric patients should only be done after
a thorough preoperative evaluation of the patients.
With limited functional reserve, an acute large blood
loss can promptly insult the vital organs in elderly pa-
tients because of insufficient perfusion to these vulner-
able organs. The studies of blood volume in geriatric
populations can be traced back to 1959; they showed
that normal geriatric populations consistently have a
low mean value and a wide range. Another important
fact was that in young patients, there was a definite
correlation of red blood cell volume and total body
water with body weight, whereas in elderly patients,
there was no correlation10. These two special charac-
teristics render the geriatric populations into a critical 
situation in which if an acute blood loss occurs during
a liver resection surgery, a judgment must be made
promptly by the attending anesthetists to replace the
blood loss appropriately; severe hypotension or acute
pulmonary edema can ensue from the rapid overex-
pansion of intravascular volume. Dysfunction of the au-
tonomic nervous system is another concern in the
elderly. The two most significant deteriorations in the
autonomic system on aging are a decrease in response
to beta-receptor stimulation and, thus, a feedback in-
crease in the catecholamine levels arising from sym-
pathetic nervous system activity11. Normally, beta-
receptor-mediated mechanisms act to increase the
heart rate, venous return and systolic arterial pressure,
while preserving preload reserve. In contrast, the atten-
uated beta-receptor response in the elderly during stress,
such as during surgery, is associated with a decreased
maximal heart rate and decreased peak ejection frac-
tion. Many anesthetics, including inhalation agents and
narcotics, also severely desensitize the heart to stimula-
tion by a beta-receptor agonist. Therefore, when rapid
blood replacement is needed to reestablish the normal
intravascular blood volume, the speed of infusion of the
fresh blood or crystalloid fluid should be monitored
according to the heart rate to prevent overstretching of
the aged heart. As far as insensitivity of the elderly to
catecholamines is concerned, the attending anesthetists
must select a potent inotropic agent as the first drug of
choice to resuscitate the compromised cardiovascular
system in such a critical operation as liver resection in
the elderly. Diastolic dysfunction of the left ventricle,
which mainly arises from left ventricular hypertrophy
on aging, is also a complication. Diastolic dysfunction
Table 4. Analysis of variance of endotracheal intubation time with pain control methods as a factor (post hoc Tukey test)
(I) pain (J) pain Mean difference (I − J) Standard error Significance
95% confidence interval
Lower bound Upper bound
0 1 3.452 16.745 0.977 −36.08 42.99
2 26.787 16.724 0.247 −12.70 66.27
1 0 −3.452 16.745 0.977 −42.99 36.08
2 23.336 11.228 0.097 −3.18 49.85
2 0 −26.787 16.724 0.247 −66.27 12.70
1 −23.336 11.228 0.097 −49.85 3.18
0 = patients with pain control of conventional intramuscular opioids injection (n = 30); 1 = patients with self-controlled intravenous opioid
infusion devices (n = 90); 2 = patients with self-controlled epidural opioid infusion devices (n = 90).
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or failure is often related to systemic blood pressure
and does not necessarily suggest volume overload,
which is a common complication in patients experienc-
ing rapid intravascular volume expansion for massive
blood loss. Differentially diagnosing diastolic or systolic
dysfunction is hard, because both functional defects
present the same clinical picture. Making the correct
diagnosis is imperative for the patient in that interven-
tions commonly used in systolic failure, such as diuret-
ics and inotropes, may worsen diastolic dysfunction in
the elderly. An intraoperative transesophageal echocar-
diogram, with the probe in the middle portion of the
esophagus, can show a clear cross-sectional view of the
middle portion of the left ventricle. It can thus provide
important information on both preload volume and
contractility of the left ventricular myocardium, but
the possibility of bleeding, which may be a complica-
tion during insertion of the probe into the esophagus
in an HCC patient, should be carefully considered12.
Preoperative and postoperative management of
pulmonary problems is of particular importance. In
general, in surgical patients 65 years and older, the
incidence of common postoperative morbidities is 17%
for atelectasis, 12% for acute bronchitis, 10% for pneu-
monia, 6% for heart failure or myocardial infarction
(or both), 7% for delirium, and 1% for new focal neuro-
logic signs13. In our study, the endotracheal intubation
duration was significantly different in the elderly and
younger age groups (30.8 ± 109.2 hours vs. 7.73 ± 32.2
hours; p = 0.034), and complications of the respiratory
system may be more prominent than those of the car-
diovascular system in the perioperative period of liver
resection. These complications may partially arise from
the lung structure changing with age, including the loss
of elastic recoil after reorganization of collagen and
elastin in the lung parenchyma, altered surfactant pro-
duction, enlargement of the respiratory bronchioles
and alveolar ducts, a tendency for early collapse of the
small airway on exhalation, and the increased size of
the interalveolar pores of Kohn. All these age-related
functional changes lead to an increased closing capacity,
decreased diffusing capacity, and increased anatomic
dead space in the elderly population.
Although aging itself can make the elderly vulner-
able to perioperative respiratory compromise, anes-
thetics and the procedure of liver resection can worsen
the limited functional reserve of the lungs in elderly
patients. In 1976, Gamsu et al.14 compared the rate of
tantalum clearance from the lungs of postoperative
patients who had received general anesthesia for intra-
abdominal or lower extremity operations. In patients
receiving general anesthesia for intra-abdominal sur-
gery, the retention of tantalum was demonstrated for
as long as 6 days, severely prolonged when compared
with patients with lower extremity surgery14. The degree
of impairment of the clearance of sputum in the tra-
cheobronchial tree is also proportional to the adminis-
tration time of endotracheal-intubated anesthesia with
positive ventilation. According to the above studies,
the long operative time of liver resection surgery may
make the elderly patients prone to sputum lodging in
the already-obstructed tracheobronchial tree. In addi-
tion to aggressive suction of the pulmonary secretions
through the endotracheal tube intraoperatively, the
attending anesthetists should use warmed, humidified
gas and choose an inhaled anesthetic, such as sevoflu-
rane, with a weaker direct cilioinhibitory effect than
other agents, to maintain the respiratory function of
the elderly as much as possible15. Other anesthesia
adjuncts such as benzodiazepines, opioids and seda-
tive drugs may also produce an exaggerated respira-
tory depressant effect in the elderly, whose ventilatory
responses to hypoxia, hypercapnia and mechanical stress
are impaired secondary to reduced central nervous sys-
tem activity16. The attending anesthetist should pre-
scribe these agents in a titration-to-effect method and
reduce the drug dosage as needed.
How upper abdominal surgeries compromise res-
piratory function has been studied in patients and ani-
mal models. The changes in the pattern of breathing
after upper abdominal surgeries were similar to those
changes described in patients with bilateral paralysis
of the diaphragm or severe generalized neuromuscu-
lar disease with impaired diaphragm function, or in dogs
after complete diaphragmatic paralysis17. The mecha-
nisms of the decreased diaphragm activity after upper
abdominal surgery are unknown. Many researchers
have proposed abdominal pain as a mechanism for the
reduced functional residual capacity after upper abdom-
inal surgery; but in another animal model, local irrita-
tion, inflammation and trauma secondary to upper
abdominal surgery were proposed by authors to be
the underlying cause which may lead to local mechani-
cal failure of the diaphragm18. In this study, patients
receiving epidural analgesic infusion, which was
regarded as a more effective pain control method than
that of intravenous opioid injection, were not weaned
off endotracheal intubation more quickly than other
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patients. This finding may suggest that postoperative
pain is not the only dominating factor that affects the
endotracheal intubation time; on the other hand, age-
related decreased lung function reserve and other un-
derlying diseases should be independent risk factors
for prolonged endotracheal intubation.
Elderly people have been largely excluded from
high-quality trials, and much of the evidence comes
from a case series of selected patients, which demon-
strate what is possible. However, major elective opera-
tions, which include cardiac, vascular, oncologic and
orthopedic surgeries, can be performed on patients
over 75 years of age with good outcomes and adverse
event rates similar to those of younger patients19. Our
study confirmed that in comparing the elderly and
younger population, there was no statistically signifi-
cant difference in certain perioperative parameters,
including intraoperative blood loss, urine output, dura-
tion of operation, difficulty of operation, in-hospital
death rate, incidence of massive blood loss, and inci-
dence of oliguria. However, respiratory function com-
plication in the elderly population was significantly
different to that of the younger population. Further
studies should focus on strategies to minimize mor-
bidities and mortalities resulting from perioperative
respiratory complications in the elderly.
In conclusion, although liver resection for HCC carries
some inevitable complications such as massive intra-
operative blood loss, the elderly prove to be appropri-
ate candidates for this high-risk surgery. This is providing
that the preoperative evaluation of all vital organs’
functional reserve are thoroughly examined, intraop-
erative blood losses are carefully replaced, fluctuations
of blood pressure are managed, and postoperative
respiratory complications are minimized as much as
possible by means of aggressive pain control, chest care,
inhalation therapy, and other suitable maneuvers. There
are still some uncertainties that may result from the
type II statistical error in this study; a further prospective
study with greater sample size may resolve these.
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